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ABSTRACT 

T h i s  paper p r e s e n t s  in -depth  fundamenta l  i n f o r m a t i o n  o b t a i n e d  from a two-inch 
i n n e r  d i a m e t e r  l a m i n a r  f l o w  r e a c t o r  r e f e r r e d  t o  a s  t h e  Drop Tube Furnace  System 
(DTFS). T h i s  i n f o r m a t i o n  c o n s i s t s  of  t h e  f o l l o w i n g :  ( 1 )  p y r o l y s i s  k i n e t i c  
c h a r a c t e r i s t i c s  of  f o u r  coals of  v a r i o u s  r a n k  ( P e n n s y l v a n i a  a n t h r a c i t e ,  Alabama 
h i g h  v o l a t i l e  b i tuminous  c o a l ,  Montana subbi tuminous  c o a l ,  and  Texas  l i g n i t e ) :  and  
( 2 )  combustion k i n e t i c  s t u d i e s  of  c h a r s  produced f rom t h e  f o r e g o i n g  p a r e n t  coals. 
The combustion k i n e t i c  i n f o r m a t i o n  o b t a i n e d  on  t h e  h i g h  v o l a t i l e  b i t u m i n o u s  c o a l  
h a s  been used i n  c o n j u n c t i o n  w i t h  Combustion E n g i n e e r i n g ' s  p r o p r i e t a r y  
mathemat ica l  model t o  p r e d i c t  t h e  combustion per formance  of t h e  p i l o t  scale 
(500 ,000  B t u / h r )  C o n t r o l l e d  Mixing H i s t o r y  F u r n a c e  (CMHF). Comparison of  t h e  
p r e d i c t e d  d a t a  w i t h  t h e  e x p e r i m e n t a l  r e s u l t s  shows a v i r t u a l l y  one-to-one sca le -up  
from t h e  DTFS t o  t h e  CMHF. 

INTRODUCTION 

The Department of  E n e r g y ' s  i n t e n t  i n  s p o n s o r i n g  t h i s  and  o t h e r  r e l a t e d  programs i s  
t o  f o s t e r  i n c r e a s e d  c o a l  u s a g e  i n  t h e  Uni ted  S t a t e s .  To e f f e c t i v e l y  u s e  coal i n  
e x i s t i n g  and new a p p l i c a t i o n s  r e q u i r e s  a more d e f i n i t i v e ,  q u a n t i t a t i v e  
u n d e r s t a n d i n g  of  c o a l  p r o p e r t i e s  VS. performance. The o b j e c t i v e  of  t h i s  program 
is t o  develop  t h e  m e t h o d o l o g i e s  t h a t  most r e l i a b l y  c h a r a c t e r i z e  c o a l s  from a 
p y r o l y s i s l c o m b u s t i o n  s t a n d p o i n t  t h e r e b y  p e r m i t t i n g  a c c u r a t e  per formance  
p r e d i c t i o n s  t o  be made. T h i s  w i l l  i n  t u r n  a l l o w  i n t e l l i g e n t  u s e  of o u r  coal 
reserves f o r  a m u l t i p l i c i t y  of  i n d u s t r i a l  a p p l i c a t i o n s  w i t h  t h e  c o n f i d e n c e  l e v e l s  
r e q u i r e d .  

The q u a n t i t a t i v e  fundamenta l  d a t a  deve loped  from t h i s  s t u d y  i n d i c a t e  s i g n i f i c a n t  
d i f f e r e n c e s  i n  c o a l / c h a r  c h e m i c a l ,  p h y s i c a l ,  and r e a c t i v i t y  c h a r a c t e r i s t i c s ,  which 
s h o u l d  be u s e f u l  t o  t h o s e  i n t e r e s t e d  i n  model ing  coal combust ion  and  p y r o l y s i s  
p r o c e s s e s .  
c o a l  c o n v e r s i o n / u t i l i z a t i o n  p r o c e s s .  
p r o v i d i n g  v i t a l  i n f o r m a t i o n  t o  a d e s i g n e r  i n  t h e  area of c a r b o n  b u r n o u t  and NO 
r e d u c t i o n  f o r  a l a r g e  scale c o a l  u t i l i z a t i o n  scheme. 

The primary r e s e a r c h  t o o l s  used i n  t h i s  program were C E ' s  Drop Tube Furnace  System 
(DTFS), a bench scale e n t r a i n e d  l a m i n a r  f l o w  f u r n a c e  a n d  t h e  C o n t r o l l e d  Mixing 
H i s t o r y  Furnace (CMHF), a p i l o t  scale e n t r a i n e d  p l u g  f l o w  f u r n a c e .  
a n d  CMHF by v i r t u e  o f  t h e i r  a b i l i t y  t o  r e s o l v e  combust ion  time i n t o  d i s t a n c e  a l o n g  
t h e i r  r e s p e c t i v e  f u r n a c e  l e n g t h s  were used t o  examine c a r b o n  b u r n o u t  phenomena. 
I n  a d d i t i o n ,  t h e  CMHF by v i r t u e  o f  its staged-combustion c a p a b i l i t i e s  was used  t o  
e v a l u a t e  NOX,emissions and e s t a b l i s h  c o n d i t i o n s  c o n d u c i v e  t o  low NOX. 
r e s u l t s  o b t a i n e d  f rom t h i s  program w i l l  n o t  b e  d i s c u s s e d  i n  t h i s  p a p e r .  
a p p e a r  i n  t h e  for thcoming f i n a l  DOE r e p o r t .  

Coal  s e l e c t i o n  i s  known t o  be  o n e  of t h e  k e y s  g o v e r n i n g  a s u c c e s s f u l  
P r a c t i c a l  a p p l i c a t i o n s  o f  t h e s e  d a t a  i n v o l v e  

X 

Both t h e  DTFS 

The NOX . 
They w ~ l l  
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EXPERIMENTAL FACILITIES AND PROCEDURES 

Drop Tube Furnace  System (DTFS) 

The DTFS ( F i g u r e  1 )  i s  comprised of a 1- inch  i n n e r  d i ame te r  h o r i z o n t a l  t u b e  gas  
p r e h e a t e r  and  a 2- inch  i n n e r  d i ame te r  v e r t i c a l  t u b e  tes t  f u r n a c e  f o r  p rov id ing  
c o n t r o l l e d  t e m p e r a t u r e  c o n d i t i o n s  t o  s t u d y  p y r o l y s i s  and /o r  combust ion  phenomena. 
T h i s  e n t r a i n e d  f low r e a c t o r  is c a p a b l e  of  h e a t i n g  r e a c t a n t  g a s e s  and r e a c t i n g  
p a r t i c u l a t e s  t o  t e m p e r a t u r e s  up t o  2650°F (1730'K) and o b t a i n i n g  p a r t i c l e  
r e s i d e n c e  t imes  up t o  a b o u t  one  second t o  s i m u l a t e  t h e  r a p i d  h e a t i n g  suspens ion  
f i r i n g  c o n d i t i o n s  encoun te red  i n  p u l v e r i z e d  c o a l  f i r e d  b o i l e r s .  The DTFS t e s t i n g  
procedure e n t a i l s  t h e  f o l l o w i n g :  
through a water -cooled  i n j e c t o r  i n t o  t h e  test f u r n a c e  r e a c t i o n  zone: ( 2 )  a l l ow t h e  
f u e l  and its c a r r i e r  g a s  
g a s  s t r eam ; ( 3 )  a l l o w  combust ion  and /o r  p y r o l y s i s  t o  occur  f o r  a s p e c i f i c  t ime 
( d i c t a t e d  by  t h e  t r a n s i t  d i s t a n c e ) :  ( 4 )  quench t h e  r e a c t i o n s  by a s p i r a t i n g  t h e  
p roduc t s  i n  a wa te r - coo led  sampl ing  probe:  ( 5 )  separate t h e  s o l i d s  from t h e  

CO c o n c e n t r a t i o n s  i n  t h e  e f f l u e n t  g a s  s t r e a m .  An a s h  t r a c e r  t e c h n i q u e  (l, 2) is 
used  i n  c o n j u n c t i o n  w i t h  t h e  proximate  a n a l y s e s  of  a g iven  f e e d  sample and t h e  
c h a r s  s u b s e q u e n t l y  o b t a i n e d  from t h e  test f u r n a c e  t o  c a l c u l a t e  t h e  p y r o l y s i s  
weight l o s s e s  and /o r  combust ion  e f f i c i e n c i e s  a s  a f u n c t i o n  of  s e l e c t e d  o p e r a t i o n a l  
pa rame te r s  ( t e m p e r a t u r e ,  r e s i d e n c e  t i m e ,  f u e l  t y p e ,  e t c . ) .  

C o n t r o l l e d  Mixing H i s t o r y  Furnace  (CMHF) 

The p i l o t  s c a l e  (500,000 B t u / h r )  CMHF ( F i g u r e  1) i s  based on t h e  p r i n c i p l e  of p lug  
f l o w  which r e s o l v e s  time i n t o  d i s t a n c e  a l o n g  t h e  l e n g t h  of t h e  f u r n a c e .  
c o n s i s t s  of  a r e f r a c t o r y - l i n e d  1 . 5  f o o t  i n n e r  d i ame te r  c y l i n d e r  w i t h  an o v e r a l l  
h e i g h t  of 22.6 f t .  A m i x t u r e  of p u l v e r i z e d  f u e l  and pr imary  a i r  i s  f i r e d  downward 
i n t o  t h e  f u r n a c e  from a s i n g l e  bu rne r  c e n t r a l l y  l o c a t e d  a t  t h e  t o p  of t h e  fu rnace .  
The f u r n a c e  c o n s i s t s  of f o u r  zones - -p rehea t ,  combust ion ,  water -cooled ,  and 
a f t e r -bu rne r - -p roceed ing  downward from t h e  f u e l  admiss ion  p o i n t .  By sampling a t  
d i f f e r e n t  p o r t s  a l o n g  t h e  l e n g t h  of t h e  f u r n a c e ,  i t  is p o s s i b l e  t o  examine t h e  
carbon bu rnou t  and  NOX f o r m a t i o n  h i s t o r i e s  of  a f u e l .  An a s h  tracer method is 
a l s o  used t o  de t e rmine  t h e  s o l i d s  combustion e f f i c i e n c y  as a f u n c t i o n  of 
o p e r a t i o n a l  p a r a m e t e r s .  
ana lyzed  o n - l i n e  t o  d e t e r m i n e  NO x ,  0 2 ,  CO, and C02 c o n c e n t r a t i o n s .  

(1) f e e d  t h e  f u e l  a t  a p r e c i s e l y  known r a t e  

to r a p i d l y  mix w i t h  a p r e h e a t e d  down-flowing secondary 

gaseous p r o d u c t s  i n  a f i l t e r  medium: and ( 6 )  de t e rmine  o n - l i n e  NO x I  02. COz,  and 

I t  

Gaseous  p r o d u c t s  a s p i r a t e d  i n  a sampl ing  probe are 

RESULTS 

Ana lys i s  of  C o a l s  

The c o a l s  s e l e c t e d  f o r  t h i s  s t u d y  i n c l u d e  a l i g A  from Wilcox seam i n  Texas,  a subB 
c o a l  from Rosebud seam i n  Montana, a hvAb c o a l  from Black  Creek  seam i n  Alabama, 
and  an a n t h r a c i t e  from Buck Mountain seam i n  Pennsy lvan ia .  
u l t i m a t e  a n a l y s e s  and h i g h e r  h e a t i n g  v a l u e s  of t h e s e  c o a l s  ( T a b l e  1 )  a r e  
c o n s i s t e n t  w i th  t h e i r  ASTM c l a s s i f i c a t i o n s .  

P y r o l y s i s  C h a r a c t e r i s t i c s  of C o a l s  

S i z e  graded (200x400 mesh) c o a l s  were pyro lyzed  i n  t h e  DTFS i n  t h e  p re sence  of 
n i t r o g e n  a tmosphe re  a t  f i v e  d i f f e r e n t  t e m p e r a t u r e s  (1450,  1600,  1900, 2400, and 

The proximate and 
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TABLE 1 

SELECTED ANALYSES OF COALS 

TEXAS MONTANA ALABAMA PENN 

ligA subB hvAb an 

Rec'd DAF Rec'd DAF Rec'd DAF Rec'd DAF 

(WILCOX) (ROSEBUD) (BLACK CREEK) (BUCK MT. ) 

ANALYSIS As As As As 

Proximate, Wt. Percent 
Moisture (Total) 21.2 _ _  23.9 -- 3.6 -- 5.7 -- 
Volatile Matter 34.7 53.6 30.7 45.0 37.7 40.3 3.5 4.1 
Fixed Carbon 30.0 46.4 37.6 55.0 55.8 59.7 83.3 95.9 
Ash 14.1 _ _  7.8 -- 2.9 -- 7 . 5  -- 

Ultimate, Wt. Percent 
Hydrogen 3.5 5.5 3.6 5 . 3  4.9 5.3 1.7 1.9 
Carbon 45.6 70.5 51.6 75.5 78.5 84.0 82.7 95.3 
S u l f u r  0.6 0.9 0.7 1.0 0.7 0.7 0 .4  0.5 
Nitrogen 0 .8  1.3 0.9 1.3 1.6 1.7 0.7 0.8 
Oxygen (Diff) 14.2 21.8 11.5 16.9 7.8 8 . 3  1.3 1.5 
Ash 14.1 _ _  7.8 -- 2.9 -- 7.5 -- 

Btu/lb 7845 12130 8800 12080 13935 14910 12740 14675 
Higher Heating Value, 

2650°F) and residence times ranging up to 0.9 sec. Results, Figure 2 ,  show that: 
( 1 )  pyrolysis weight l o s s  depends significantly on temperature and time f o r  each 
coal; ( 2 )  and pyrolysis is virtually complete within 0.2 sec. for the lignite, 
subbituminous, and high volatile bituminous coals. The lignite and subbituminous 
coal showed, respectively, 12% and 14% volatile matter enhancements over their 
proximate ASTM volatile matter yields; the high volatile bituminous coal and 
anthracite, on the other hand, showed no volatile matter enhancements over ASTM 
results. 

Results in Figure 2 were used to derive the pyrolysis kinetic parameters for each 
coal. 
Walker et al. <4) was also used here. 

The derivation method used by Nsakala et al. Q), Scaroni et al. 0). and 
That is, briefly: 

C = Co exp (-kt) 1 )  

where Co is the maximum obtainable weight l o s s  referred to asAW,, , and C is the 
remaining pyrolyzable material weight at time t (C =AM, -AW, whereAW is the 
pyrolysis weight loss at time t), and k is a pyrolysis rate constant. Plugging 
these values into and manipulating Equation 1 yields 

In (l-AW/AWm) = -kt 2 )  

Plotting the left hand side of Equation 2 vs. t yields straight lines (Figure 3 )  
from which the k values can be obtained from the slopes of the least squares fits. 

Now, the k values can be used in conjunction with a first order Arrhenius law to 
obtain 

k = ko exp (-E/RT) 3 )  
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where ko,  E ,  R ,  and T are ,  r e s p e c t i v e l y ,  t h e  p y r o l y s i s  f r equency  f a c t o r ,  t h e  
a p p a r e n t  a c t i v a t i o n  e n e r g y ,  t h e  u n i v e r s a l  g a s  c o n s t a n t ,  and t h e  r e a c t i o n  
t empera tu re .  

P l o t t i n g  I n  k VS. 1/T y i e l d s  s t r a i g h t  l i n e s  ( F i g u r e  4) from which t h e  v a l u e s  of  ko 
and E can be o b t a i n e d  f rom t h e  i n t e r c e p t s  and s l o p e s  of  t h e  l e a s t  s q u a r e s  f i t s .  
R e s u l t s  from t h i s  s t u d y  are g i v e n  i n  T a b l e  2. 

TABLE 2 

KINETIC DATA FOR PYROLYSIS OF 200X400 MESH COALS I N  NITROGEN ATMOSPHERE 
AND 1450-2650°F(1060-17300K) TEMPERATURE RANGE 

FUEL TYPE E(ca l /mole )  ko(sec- ')  y 
Texas LigA 7980 50.8 -0.95 
Montana subB 4740 13.5 -0.93 
Alabama hvAb 7825 32.5 -0.98 
Pennsy lvan ia  A n t h r a c i t e  7755 38.7 -0.79 
y = C o r r e l a t i o n  C o e f f i c i e n t  

The low a c t i v a t i o n  e n e r g i e s  (4.7-8.0 kca l /mole )  encoun te red  h e r e  seem t o  i n d i c a t e  
t h a t  a p h y s i c a l ,  r a t h e r  t h a n  a chemica l ,  c o n t r o l  mechanism d o e s  c o n t r o l  t h e  
the rma l  decomposi t ion  p r o c e s s .  Var ious  i n v e s t i g a t o r s  <2, 2, 4. 5) employing 
d i lu t e -phase  r e a c t o r s  s i m i l a r  t o  t h e  p r e s e n t  DTFS have  a l s o  encoun te red  r e l a t i v e l y  
l o w  a c t i v a t i o n  e n e r g i e s  ( g e n e r a l l y  less t h a n  20 kca l /mole )  f o r  t he rma l  
decomposi t ion  of c o a l s  o f  v a r i o u s  r ank .  

Combustion C h a r a c t e r i s t i c s  of C o a l  Char s  

A commercial  g r i n d  v7OX-200 mesh) of each  c o a l  was pyro lyzed  i n  t h e  DTFS i n  
n i t r o g e n  a tmosphe re  a t  2650°F. 
o b t a i n  a 200x400 mesh size f r a c t i o n .  The proximate  and po re  s t r u c t u r a l  a n a l y s e s  
of each c o a l  c h a r  i s  g i v e n  i n  T a b l e  3. 
are v i r t u a l l y  v o l a t i l e  m a t t e r - f r e e ;  and (2)  w h i l e  t h e  BET s u r f a c e  areas fo l low t h e  

The r e s u l t a n t  c h a r  was subsequen t ly  s i z e  graded t o  

It  is notewor thy  t h a t :  (1) a l l  t h e  c h a r s  

TABLE 3 

PROXIMATE AND PORE STRUCTURAL ANALYSES OF 200X400 MESH DTFS-GENERATED CHARS 

QUANTITY TEXAS l igA MONTANA subB ALABAMA hvAb PENN. a n .  

Proximate,  W t  .%. 
V o l a t i l e  Ma t t e r  2.3(3.5)* 2.3(2.8)* 1.5(1.6)* 1.3(1.4)* 
Fixed Carbon ( D i f f )  64.3 80.3 94.6 92.1 
Ash 31.2 14.9 3.9 5.9 

191.3 89.9 16.4 2.6 

210.9 162.9 16.3 1.6 
0.79 0.69 0.86 1.62 
1.71 2.01 1.75 1.86 
0.681 0.952 0.591 0.080 

53.8 65.7 50.9 12.9 

*Dry-ash-free-basis 
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i 

t r e n d  l i g A  > subB > hvAb > a n t h r a c i t e ,  t h e  t o t a l  open p o r o s i t y  t r e n d  i s  subB > 
l i g A  > hvAb > a n t h r a c i t e .  

Each c h a r  was burned i n  t h e  DTFS i n  0.03 atm.  0 
t e m p e r a t u r e s  (1600, 1900,  2150,  2400, and 2650"$) and r e s i d e n c e  times r a n g i n g  up 
t o  0.85 sec. R e s u l t s  show: (1) a s t r o n g  t e m p e r a t u r e  and t i m e  dependence of 
combust ion e f f i c i e n c i e s  of t h e  l i g A ,  s u b B ,  and hvAb c h a r s ;  and ( 2 )  a r e l a t i v e l y  
weak t empera tu re  and time dependence of t h e  a n t h r a c i t e  c h a r  combust ion e f f i c i e n c y .  

R e s u l t s  i n  F i g u r e  5 were used t o  de t e rmine  f o r  each  c h a r  t h e  o v e r a l l  rates o f  
ca rbon  removal  pe r  u n i t  e x t e r n a l  s u r f a c e  a r e a  ( K )  assuming t h a t  t h e  r e a c t i o n  
p roceeds  by a s h r i n k i n g  c o r e  mechanism. The K v a l u e s  were t h e n  used i n  c o n j u n c t i o n  
w i t h  classically c a l c u l a t e d  co r re spond ing  d i f f u s i o n a l  r e a c t i o n  ra te  c o e f f i c i e n t s  
(KD) t o  d e r i v e  t h e  s u r f a c e  r e a c t i o n  ra te  c o e f f i c i e n t s  ( K S )  a c c o r d i n g  t o  

( i n  n i t r o g e n  b a l a n c e )  a t  f i v e  

1 / K = l  / K D + l  / K S  4 )  

K S = ~  exp(-E/RT) 5) 

F i r s t  o r d e r  Ar rhen ius  Equa t ions  is t h e n  a p p l i e d  t o  t h e  d a t a  as f o l l o w s  

where A ,  E, R, and T are ,  r e s p e c t i v e l y ,  t h e  f r equency  f a c t o r ,  a p p a r e n t  a c t i v a t i o n  
e n e r g y ,  g a s  c o n s t a n t ,  and r e a c t i o n  t e m p e r a t u r e .  

P l o t t i n g  I n  KS v s .  1/T y i e l d s  s t r a i g h t  l i n e s  ( F i g u r e  6) from which t h e  v a l u e s  of A 
and E can be  o b t a i n e d  from t h e  i n t e r c e p t s  and s l o p e s  of  t h e  least  s q u a r e s  f i t s .  
T h i s  c a l c u l a t i o n  p rocedure  i s  g i v e n  i n  d e t a i l  by F i e l d  @, 1) and Goe tz  e t  a l .  
G). 
Two methods were used i n  t h i s  d e r i v a t i o n .  The f i r s t  method used t h e  bu lk  g a s  
t e m p e r a t u r e s  (T ). 
t e m p e r a t u r e s  (T:) by a h e a t  ba l ance  method u) a s  f o l l o w s  

The second method e n t a i l e d  c a l c u l a t i n g  p a r t i c l e  s u r f a c e  

H = H  + H r  
g c  

Where H , H , and H a r e ,  r e s p e c t i v e l y ,  t h e  ra te  o f  h e a t  g e n e r a t i o n  p e r  u n i t  area,  
t h e  rat@ o f c h e a t  l o g s  by c o n d u c t i o n ,  and t h e  ra te  of  h e a t  l o s s  by r a d i a t i o n .  
D i f f e r e n c e s  between T and T ranged from 2 0  t o  197°F. These  d i f f e r e n c e s  are 
r e f l e c t e d  i n  t h e  r e a c z i o n  k d e t i c  p a r a m e t e r s  g i v e n  i n  Tab le  4. These  r e s u l t s  
d e p i c t  t h e  impor t ance  of s p e c i f y i n g  t h e  method used i n  d e r i v i n g  combust ion k i n e t i c  
pa rame te r s .  

TABLE 4 

SENSITIVITY OF COMBUSTION KINETIC PARAMETERS OF 
VARIOUS 200x400 MESH CHARS TO THE METHOD OF DERIVATION 

E(CAL/MOLE) A(g/cmLsec.O2atm.) 

FUEL TYPE METHOD 1 METHOD 2 METHOD 1 METHOD 2 

Texas  L i g n i t e  21050 20350 57 35 .6  
Montana subB 26730 25400 593 271 
Alabama hvAb 23320 22550 80 50 
Pennsy lvan ia  A n t h r a c i t e  17900 17840 4 . 3  3.7 

Method 1: 
Method 2: 

Using measured gas t empera tu re  (T ) 
Using c a l c u l a t e d  p a r t i c l e  s u r f a c e g t e m p e r a t u r e  (Ts) 
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A 
1 

DTFS t o  CMHF S c a l e  Up S t u d i e s  

The combustion and  NO 
de t e rmined  i n  t h e  CMHf a t  500,000 Btu /h r  f i r i n g  r a t e .  
pa rame te r s  of t h i s  c o a l  c h a r  were  used i n  c o n j u n c t i o n  w i t h  o t h e r  c o a l  d a t a  and a n  
in-house  ma themat i ca l  model t o  s i m u l a t e  t h e  CMHF combustion p r o c e s s e s  under  
v a r i o u s  c o n d i t i o n s .  T h i s  mathemat ica l  model i s  e s s e n t i a l l y  based upon t h e  
f o r m u l a t i o n  of F i e l d  and  co-workers m, whereby t h e  f o l l o w i n g  d i f f e r e n t i a l  
e q u a t i o n  i s  s o l v e d  

c h a r a c t e r i s t i c s  of t h e  Alabama hvAb c o a l  were a lso 
The DTFS-derived k i n e t i c  

du . / d t  = -S . q .  7)  3 J J  
where u .  S .  and q . are ,  r e s p e c t i v e l y ,  t h e  we igh t  of a p a r t i c u l a r  r e s i d u a l  cha r  
f r ac t ioA’a t J ; ime  t der u n i t  i n i t i a l  we igh t  of c h a r ,  t h e  geomet r i c  s u r f a c e  a r e a  of  
e a c h  p a r t i c u l a r  f r a c t i o n  pe r  u n i t  weight  of c h a r  and t h e  r a t e  of carbon removal 
p e r  u n i t  geomet r i c  s u r f a c e  a r e a .  
i n s t a n t a n e o u s l y  r e l e a s e d  and burned.  
modeled. It  is no tewor thy  t h a t  t h e  p y r o l y s i s  i n f o r m a t i o n  p resen ted  i n  t h i s  paper 
c a n  be used i n  deve lop ing  c o a l  p y r o l y s i s  models f o r  i n c o r p o r a t i o n  i n  o v e r a l l  
combust ion  models .  

R e s u l t s  ob ta ined  from t h e  p r e s e n t  s i m u l a t i o n  s t u d y  w i l l  be exp la ined  i n  d e t a i l  i n  
t h e  f i n a l  N E  r e p o r t .  F i g u r e  7 d e p i c t s  two c a s e s :  ( I )  a base l i n e  (no  a i r  
s t a g i n g ,  20% e x c e s s  a i r ,  commercial  f u e l  g r i n d ) ;  and ( 2 )  an optimum NO r e d u c t i o n  
(50% primary s t a g e  s t o i c h i o m e t r y ,  20% e x c e s s  a i r ,  f i n e  g r i n d ) .  A very good 
agreement  e x i s t s  between t h e o r e t i c a l  and expe r imen ta l  r e s u l t s ,  i n d i c a t i n g  a 
v i r t u a l l y  one-to-one DTFS-to-CMHF scale-up.  
f o r  p r e d i c t i n g  ca rbon  h e a t  l o s s e s  i n  u t i l i t y  and i n d u s t r i a l  b o i l e r s .  
t e c h n i q u e  i s  t h e r e f o r e  o f  p r a c t i c a l  u s e s .  

Equat ion  7 assumes t h a t  t h e  v o l a t i l e  m a t t e r  is 
As s u c h ,  t h e  p y r o l y s i s  p r o c e s s  is n o t  

X 

CE is beg inn ing  t o  u s e  t h i s  t echn ique  
T h i s  

CONCLUSIONS 

The a p p a r e n t  a c t i v a t i o n  e n e r g i e s  f o r  c o a l  p y r o l y s e s  are so  l o w  (4 .7-8 .0  
kcal /mole)  t h a t  t h e y  seem to  i n d i c a t e  a p h y s i c a l  r a t h e r  t han  a chemica l  
c o n t r o l  of t h e  p y r o l y s i s  p r o c e s s .  

The appa ren t  a c t i v a t i o n  e n e r g i e s  f o r  c o a l  c h a r  combust ion  are i n  t h e  
17.9-26.7 k c a l l m o l e  r a n g e ,  i n d i c a t i n g  a ve ry  s i g n i f i c a n t  t e m p e r a t u r e  
dependence of  c o a l  c h a r  combust ion.  

Pore s t r u c t u r e  p l a y s  an impor t an t  r o l e  d u r i n g  c h a r  combust ion .  
t h e  t o t a l  open  p o r o s i t y ,  g e n e r a l l y ,  t h e  g r e a t e r  i s  t h e  c h a r  r e a c t i v i t y .  

Combustion per formance  a s  p r e d i c t e d  from DTFS k i n e t i c  d a t a  and  u s e  of  a 
mathematical  model a g r e e s  v e r y  w e l l  w i t h  combust ion  performance as d i r e c t l y  
measured on t h e  CMHF u s i n g  t h e  same c o a l .  

The fundamenta l  d a t a  p r e s e n t e d  h e r e  have  s i g n i f i c a n t  p r a c t i c a l  v a l u e  a s  
i n p u t s  t o  computer models t o  p r e d i c t  ca rbon  h e a t  l o s s e s .  

m 
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